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(54) Title: IMIDAZOLE DERIVATIVES 



(57) Abstract: The invention provides compounds of formula (1), 
wherein R 1 , R J , R 3 , and R 4 are as defined, and their pharmaceutically 
acceptable salts. Compounds of formula (1) are indicated to have 
activity inhibiting cdk5, cdk2, and GSK-3. Pharmaceutical compositions 
and methods comprising compounds of formula (1) for treating and 
(1) preventing diseases and conditions comprising abnormal cell growth, 
such as cancer, and neurodegenerative diseases and conditions and 
those affected by dopamine neurotransmission. Also described are 
pharmaceutical compositions and methods comprising compounds of formula (1) for treating male fertility and sperm motility; 
diabetes mellitus; impaired glucose tolerance; metabolic syndrome or syndrome X; polycystic ovary syndrome; adipogenesis and 
obesity; myogenesis and frailty, for example age-related decline in physical performance; acute sarcopenia, for example muscle 
atrophy and/or cachexia associated with bums, bed rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic 
surgery; sepsis; hair loss, hair thinning, and balding; and immunodeficiency. 
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CLAIMS 



What is claimed is: 



1. 



A compound of the formula 



5 



R 1 — w^yy 

■ R 2 




1 



wherein R' is a straight chain or branched (C r C 8 )alkyl, a straight chain or branched (C 2 - 
C B )alkenyl, a straight chain or branched (C 2 -C 8 )alkynyl, (C^-CaJcycloalkyl, (C«-C 8 )cycloalkenyl, (3- 
8 membered) heterocycloalkyl, (Cs-C^bicycloalkyl, ((VC^bicycloalkenyl, (5-11 membered) 
10 heterobicycloalkyl, (C 6 -C 14 ) aryl, or (5-14 membered) heteroaryl; and wherein R 1 is optionally 
substituted with from one to six substituents R 5 independently selected from F, CI. Br, I, nitro, 
cyano, -CF 3l -NR 7 R 8 , -NR 7 C(=0)R 8 , -NR 7 C(=0)OR 8 , -NR 7 C(=0)NR B R 9 , -NR 7 S(=0) 2 R 8 . - 
NR 7 S(=0) 2 NR e R 9 , -OR 7 , -OC(=0)R 7 , -OC(=0)OR 7 , -C(=0)OR 7 , -C(=0)R 7 , -C(=0)NR 7 R 8 . 
-OC(=0)NR 7 R 8 , -OC(=0)SR 7 , -SR 7 , -S(=0)R 7 , -S(=0) 2 R 7 , -S(=0) 2 NR 7 R 8 , -O-S(=0) 2 R 7 , -N 3 , and 



R 2 is H. F, -CH 3 , -CN. or -C(=0)OR 7 ; 

R 3 is -C(=0)NR 9 -, -C(=0)0-. -C(=O)(CR 10 R 11 ) n - or -(CR 10 R ,1 ) n -; 
R 4 is a straight chain or a branched (C-CJalkyl, a straight chain or a branched (C 2 - 
CJalkenyl, a straight chain or branched (C 2 -C 8 alkynyl), (C 3 -C 8 )cycloalkyl, (C 4 -C 8 )cycloalkenyl, 

20 (3-8 membered) heterocycloalkyl, (Cs-C^bicycloalkyl, (CrC^bicycloalkenyl, (5-11 membered) 
heterobicycloalkyl, (C 6 -C 14 )aryl, or (5-14 membered) heteroaryl; and wherein R 4 is optionally 
substituted with from one to three substitutents R 6 independently selected from F, CI, Br, I, nitro, 
cyano, -CF 3 , -IMR 7 R 8 , -NR 7 C(=0)R B , -NR 7 C(=0)OR 8 , -NR 7 C(=0)NR 8 R 9 , -NR 7 S(=0) 2 R 8 , 
-NR 7 S(=0) 2 NR 8 R 9 , -OR 7 , -OC(=0)R 7 , -OC(=0)OR 7 , -C(=0)OR 7 , -C(=0)R 7 , -C(=0)NR 7 R 8 , 

25 -OC(=0)NR 7 R 8 , -OC(=0)SR 7 , -SR 7 , -S(=0)R 7 , -S(=0) 2 R 7 , -S(=0) 2 NR 7 R 8 , or R 7 ; 

each R 7 , R B , and R 9 is independently selected from H, straight chain or branched (C r 
C 8 )alkyl, straight chain or branched (C 2 -C 8 )alkenyl, straight chain or branched (C 2 -C 8 alkynyl), 
(C 3 -C 8 )cycloalkyl, (C 4 -C 8 )cycloalkenyl, (3-8 membered) heterocycloalkyl, (Cs-C^bicycloalkyl, 
(CrC^Jbicycloalkenyl, (5-11 membered) heterobicycloalkyl, (C 6 -C 14 )aryl, and (5-14 membered) 

30 heteroaryl, wherein R 7 , R 8 . and R 9 are each independently optionally substituted with from one to 
six substituents independently selected from F, CI, Br, I, N0 2 , -CN, -CF 3 , -NR 10 R 11 , 
-NR 10 C(=O)R 11 , -NR 10 C(=O)OR 11 , -NR 10 C(=O)NR 11 R 12 , -NR 10 S(=O) 2 R 11 , -NR 10 S(=O) 2 NR 11 R 12 , 



15 R 7 ; 
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OR" -OC(=0)R«» ^C(=0)OR« -CC(=O)NR 10 R", ~OC(=0)SR". -SR» -S(=0)R", 
-S^R 10 , -SCO^NR^R", -C(=0)R 10 , -C(=0)0R 1 °. -C(=O)NR 10 R 11 , and R 10 ; 

or, when R 7 and R 8 are as in NR 7 R 8 , they may instead optionally be connected to form 
with the nitrogen of NR 7 R 8 to which they are attached a heterocycloalkyl moiety of from three to 
seven ring members, said heterocycloalkyl moiety optionally comprising one or two further 
heteroatoms independently selected from N. 0, and S; 

each R 10 , R 1 \ and R 12 is independently selected from H, straight chain or branched (C,- 
C B )alkyl. straight chain or branched (C 2 ,C 8 )alkenyl, straight chain or branched (C 2 -C 8 alkynyl), 
(C3-C B )cycloalkyl, (C 4 -C B )cycloalkenyl, (3-8 membered) heterocycloalkyl, (CrC„)bicycloalkyl, 
(CrC^bicycloalkenyl, (5-11 membered) heterobicycloalkyl. (C 6 -C 14 )aryl, and (5-14 membered) 
heteraaryl, wherein R 1 °, R 11 , and R 12 are each independently optionally substituted with from one 
. to six substituents independently selected from F, CI, Br. I, -N0 2 . -CN, -CF 3 , -NR 13 R 14 , 
-NR 13 C(=0)R 14 , -NR ,3 C(=0)OR 14 , -NR 13 C(=0)NR 14 R ,S . -NR^^R 14 , -NR^O^NR 14 * 5 , 
-OR", -0C(=O)R 13 . -OC(=0)OR", -OC(=0)NR 13 R 14 , -OC(=0)SR 13 . -SR« -S(=0)R". 
-S(=0) 2 R 13 , -S(=0) 2 NR ,3 R 14 , -C(=0)R 13 , -C(=0)OR 13 , -C(=0)NR 13 R 14 , and R 13 ; 

each R 13 , R 14 , and R ,s is independently selected from H, straight chain or branched (C,- 
C 8 )alkyl, straight chain or branched (C 2 -C 8 )alkenyl, straight chain or branched (0,-0, alkynyl). 
(C 3 -C B )cycloalkyl, (C^CJcycloalkenyl, (3-8 membered) heterocycloalkyl, (Cs-C^bicycloalkyl, 
(CrC^Jbicycloalkenyl. (5-11 membered) heterobicycloalkyl. (C 6 -C H )aryl. and (5-14 membered) 
heteraaryl, wherein R 13 , R 14 , and R 15 are each independently optionally substituted with from one 
to six substituents independently selected from F, CI, Br, I, -N0 2 . -CN. -CF 3 , -NR 16 R 17 . 
-NR 16 C(=0)R 17 , -NR 18 C(=0)OR 17 , -NR ,6 C(=0)NR 17 R 18 . -NR 18 S(=0) 2 R 17 , -NR 18 S(=0) 2 NR 17 R 1B , 
-OR", -OC(=0)R 18 . -OC(=0)OR 18 , -OC(=0)NR 16 R 17 . -OC(=0)SR 18 , -SR 18 , -S(=0)R 18 . 
-S(=0) 2 R 1S , -S(=0) 2 NR 1S R 17 . -C(=0)R 18 , -C(=0)OR 18 , -C(=0)NR 18 R 17 , and R 18 ; 

each R 18 . R 17 , and R 18 is independently selected from H. straight chain or branched (C r 
C 8 )alkyl. straight chain or branched (C 2 -C 8 )alkenyl. straight chain or branched (C 2 -C„ alkynyl). 
(CVOOcycloalkyl, (C 4 -C B )cycloalkenyl, (3-8 membered) heterocycloalkyl. (Cj-C^bicycloalkyl, 
(CrCuJbicycloalkenyl, (5-11 membered) heterobicycloalkyl. (C 6 -C 13 )aryl, and (5-12 membered) 
heteraaryl; 

nisO, 1,2,or3; 

wherein R 10 and R 11 in -C(=O)(CR 10 R 11 ) n - and -(CR 10 R 11 ) n - are for each iteration of n 
defined independently as recited above; 

or a pharmaceutical^ acceptable salt thereof. 

2. A compound according to claim 1. wherein R 3 is -C(=0)NH- or - 
5 C(=O)(CR 10 R 1 V 
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3. A compound according to claim 1 ; wherein R 1 is optionally substituted 
(C3-C 8 )cycloalkyl or optionally substituted (Cg-Cn) bicycloalkyl. 

4. A compound according to claim 4, wherein R 1 is cyclopropyl, 
cyclobutyl. cyclopentyl, cyclohexyl, norbomyl, or bicydo-{3.1.0]-hexyi, each optionally 

5 substituted. 

5. A compound according to claim 1, wherein R 1 is optionally substituted 
straight chain or branched (C,-C 8 )alkyl or optionally substituted straight chain or branched (C r 
Ca)alkenyl. 

6. A compound according to claim 1, wherein R 4 is (Cg-CJaryJ or (5-14 
1 0 membered) heteroaryl, each optionally substituted. 

7. A compound according to claim 6, wherein R 4 is phenyl, pyridyl, 
naphthyl, quinolyl, or isoquinolyl, each optionally substituted. 

8. A compound according to any of claims 1-7, wherein R 2 is hydrogen. 

9. A compound of claim 1 , selected from the group consisting of: 
1 5 A/-{1 -cyclobutyl-1 H-imidazol-4-yl)-2-quinolin-6-yl-acetamide; 

A/-(1-cyclopentyl-1H-imidazol-4-yl)-2-(4-methoxy-phenyI)-acetamide; 
A/-[1-(c/s-3-phenyl-cyclobutyl)-1H-imidazol-4-yl]-2-quinorm-6-yl-acetamide; 
(1 -cyclobutyl-1 H-imidazol-4-yl)-carbamlc acid phenyl ester, 

1 - (1 -cyclobutyl-1 H-imidazol-4-yl)-3-isoquinolin-5-yl-urea; 

20 -(c/s-3-amino-cyclobutyl)-1 H-tmidazol-4-yl]-2-naphthalen-1 -yl-acetamide; 

6-methyl-pyridine-2-carboxylic acid {c/s-3-[4-(2-naphthalen-1 -yl-acetylamino)- 
imidazol-1 -yl]-cyclobutyl}-amide; 

1 H-imidazole-4-carboxylic acid {c/s-3-[4-(2-naphthalen-1-yi-acetylamino)-imidazol-1- 
yi]-cyclobutyl}-amide; 

25 6-hydroxy-pyridine-2-carboxylic acid {c/s-3-[4-(2-naphthalen-1-yl-acetylamino)- 

imidazol-1 -yi]-cyclobutyI}-amide; 

3-methyl-pyridine-2-carboxylic acid {c/s-3-[4-(2-naphthalen-1 -yl-acetylamino)- 
imidazol-1 -yl]-cyclobutyl}-amide; 

2- pyridln-3-yl-thiazole-4-carboxylic acid {c/s-3-[4-(2-naphthalen-1 -y l-acetylamino)- 
30 imidazol-1-yl]-cyclobutyl}-amide; 

6-{cfe-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-yl]-cyclobutylcarbamoyl}- 
nicotinic acid methyl ester; 

pyrazine-2-carboxylic acid {cfe-3-[4-(2-naphthalen-1 -yl-acetylamino)-imidazol-1 -yl]- 
cyclobutyl}-amide; 

35 N-{c/s-3-[4-(2-naphthalen-1 -yl-acetylamino)-imidazol-1 -yl]-cyclobutyl}-benzamide; 
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S^ethyHjyrazln^rfaoxyiic acid { -^(2^3 P hth 3 !erv1-y!-aGety!amino)- 
imidazol-1 -yl>cyclobutyl}-arnide; 

N-{c/s-3-[4-(2-na P hthalen-1-yl^ 

6-chlorc>-pyridine-2-carboxylic acid {c/s-3-[4-(2-naphthalen-1 -yl-acetylaminoj-imidazol- 

1-yl]-cyclobirtyl}-amide; 

quinoline-2-carboxylic acid {c*s-3-[4-(2-naphthalen-1-yl-acetylamino)-imidazol-1-yn- 

cyclobutyl}-amide; 

1 H-pyrrole-2-carboxylic acid {c*s-3-[4-(2-naphthalen-1 -yl-acetylamino)-imidazol-1 -yf}- 
cyclobutyl}-amide; 

N-{c/s-3-[4-<2-naphthalen-1-yl-acetylamino)-imldazol-1-yl]-cyclobutyl^2-m-tolyl- 
acetamide; 

pyridine-2-carboxylic acid {c/s-3-[4-(2-naphthalen-1 -yl-acetylamino)-imidazol-1 -yi]- 
cyclobutyl}-amide; 

2K3.hydroxy-phenylVNKc/s-3-[4-(2-naphthalen-1-yl-acetylamino>-imidazol-1-yO- 

cyclobutyl}-acetamide; 

piperidine-4-carboxylic acid {c/s-3-[4-(2-naphthalen-1-yl-acetylamino>-imida2o]-1-yl]- 

cyclobutyl}-arnide hydrochloride; 

N-[1-(cfs-3-acetylamino-cyclobutylV1H-imidazol-4-yl]-2-naphthalen-2-yl-acetamide; 

N-{c/s-3-[4-(2-isoquinolin-5-yl-acetyte^ 

pyridine-2-carboxylic acid {c/s-3-[4-(2-isoquinolin-5-yl-acetylamino)-imidazol-1 -yl]- 
cyclobutyl}-amide; and 

pharmaceutically acceptable salts of the foregoing compounds. 

10. A pharmaceutical composition for treating a disease or condition 
comprising abnormal ceil growth or a neurodegenerative disease or condition in a mammal 
comprising a compound of claim 1 in an amount effective in treating said disease or condition, 
and a pharmaceutically acceptable carrier. 

11. A pharmaceutical composition for treating a disease or condition in a 
mammal the treatment of which can be effected or facilitated by altering dopamine mediated 
neurotransmission comprising a cdk5 inhibitor in an amount effective in treating said disease 
or condition or in an amount effective to inhibit cdk5 activity, and a pharmaceutically 
acceptable carrier. 

12. A pharmaceutical composition for treating in a mammal a disease or 
condition selected from male fertility and sperm motility; diabetes mellitus; impaired glucose 
tolerance; metabolic syndrome or syndrome X; polycystic ovary syndrome; adipogenesis and 

i obesity; myogenesis and frailty, for example age-related decline in physical performance; 
acute sarcopenia, for example muscle atrophy and/or cachexia associated with burns, bed 
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rest, limb immobilization, or major thoracic, abdominal, and/or orthopedic surgery; sepsis; hair 
loss, hair thinning, and balding; and immunodeficiency, comprising a compound of claim 1 in 
an amount effective in treating said disease or condition, and a pharmaceutical^ acceptable 
carrier. 

5 13. A pharmaceutical composition comprising a cdk5 inhibitor and a second 

member selected from the group consisting of an SSRI, an NK-1 receptor antagonist, a 5HT 1D 
antagonist, ziprasidone, olanzapine, risperidone, L-745870, sonepiprazole. RP 62203. NGD 
941, balaperidone, flesinoxan, gepirone, an acetylcholinesterase inhibitor, TPA, NIF, a 
potassium channel modulator such as BMS-204352, and an NMDA receptor antagonist, 

10 wherein the cdk5 inhibitor and the second member are together in an effective amount, and a 
pharmaceutically acceptable carrier. 
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FURTHER INFORMATION CONTINUED FROM POT/ISA/ 210 



Continuation of Box 1.2 



Present claims 11 and 13 relate to a pharmaceutical composition defined 
by reference to a desirable characteristic or property, namely an 
Inhibitory effect against cdk5. Since claims 11 and 13 are independent 
claims (without a reference to claim 1, they claim any pharmaceutical 
composition comprising a cdk5 inhibitor (and optionally a further agent) 
regardless of the underlying chemical structure. Claims 11 and 13 cover 
all compositions having this characteristic or property, whereas the 
application provides support within the meaning of Article 6 PCT and/or 
disclosure within the meaning of Article 5 PCT for only a very limited 
number of such compounds or compositions. In the present case, the claims 
so lack support, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope is impossible. 
Independent of the above reasoning, the claims also lack clarity (Article 
6 PCT). An attempt is made to define the products by reference to a 
result to be achieved. Again, this lack of clarity 1n the present case is 
such as to render a meaningful search over the whole of the claimed 
scope Impossible. Consequently, the search has been carried out for those 
parts of the claims which appear to be clear, supported and disclosed, 
namely those parts relating to those pharmaceutical compositions which 
comprise at least one compound as defined in claim 1 or in the 
description. 

The applicant's attention 1s drawn to the fact that claims, or parts of 
claims, relating to inventions 1n respect of which no International 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
1s advised that the EPO policy when acting as an International 
Preliminary Examining Authority 1s normally not to carry out a 
preliminary examination on matter which has not been searched. This 1s 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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